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1 Introduction

The Model-View-Controller (MVC) architecture is one of tfiest widely acclaimed
architectures for GUI systems (Gamma et al., 1995;Buschretal., 1996). Contem-
porary GUI APIs (and even some Web APIs) - like Java Swing rdsoft Foundation
Classes and even its newest incarnation WinFX - are alsallzasmodifications of the
MVC architectural pattern (Eckstein et al., 1998; Krugkind995; Livermore et al.,
2006). The MVC does have its fair share of critics, for exagrtpblub [1999] goes so
far as to say that MVC isot object-oriented, but we think it is a logical and proven
system for beginning GUI system designers and programmers.

In this tutorial we take you through creating several simpistom components
from scratch using Java Swing as the implementation platfdtris hoped that readers
will get a better understanding of the MVC architecture friis document as well as
find within it a cook-book for creating MVC style custom GUImponents for Java
Swing.

We implement a simple GUI with toggle switches and LED digplthat controls
output to the console.

Figure 1: Screenshot of finished program -
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Figure 2: Model View Controller Architecture
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2 Modd View Controller

The Model View Controller Architecture (MVC) is softwaresign architectural pat-
tern which breaks an application or just an applicationteriiace into three types of
objects namely, Model, View and Controller (Gamma et al95)9 Model is the ap-
plication object, View is the screen presentation and @bgtermines how Ul reacts
to the user input. MVC separates these three componentshwisied to be coupled
together in architectures prior to MVC, yielding more fldktip and reusability. The
model encapsulates more than just data and function thadimseon it. It represents
not just the state of the Ul but also how the Ul works, makingasier to use real-
world modeling (e.g,: Switch and Bulb) techniques in definihe models (Helman,
1998).The model contains the actual state of the Ul compoiéhen the state of the
Ul component changes, the model data should reflect the ehdinge model then no-
tifies all the views which subscribe it, in response the viepdate themselves. View
is responsible for displaying the state of the model on aa#eut attaches to a model
and render its contents on the device. The controller siliescboth the model and the
viewport and knows the type of both in order to translate uggut into application
response.The views in a MVC can be nested, i.e. they caninm@ever sub-views.

The MVC allows to change the response of the view to the ugartimithout
changing the view presentation. A view uses the controtlemiplement a particual
response strategy of the response.

3 Writing the Model

Toggle Model represents the state of the component. The Irhadesither the 'ON’
state or 'OFF’ state. It also coordinates with the view byifyatg when this model
changes the state.



To represent the state of the model, we simply define a boetdable callecbn,
which when 'true’ marks the 'ON'’ state of the model and 'falserks the 'OFF’ state
of the model.

To maintain link between model and view, model should natyviews with a
message that the state has been changed. Here in this exatmaiethe state is
changed, the Toggle model notifies all its event listenelistehers are registered to
this model by addToggleListener() call.

package np. org. npp. sanbad. tutorial . mvc;

inmport java.util.Arraylist;
inmport java.util.List;

[ xx

* A sinple nodel that keeps track whether sonmething is On or Of.
* @ut hor Prakash Manandhar

*/

public class Toggl eMbdel {

/1 nodel state
private bool ean on;

/1 list of listeners to this nodel
private List<ToggleListener> listeners = new ArraylLi st <Toggl eLi stener>();

/i*Def ault constructors. Initially the nodel is <enmpnot on</enp.
p:i)l i c Toggl eModel ()

{ on = false;

}

%

* Constructor with given intial state.
* @aramisOn
*/

publ i c Toggl eMbdel (bool ean isOn)

{
on = isOn;
}
[ *x
* @eturn is this toggle on?
*/
public boolean isOn ()
{
return on;
}
[ **

* Toggles isOn fromtrue to false and vice versa. Also fires
* toggl eChanged event.

*/
public void toggle ()
{
on = !on;
fireEvent ();
}
[ **



* Adds given listener to listener list.

* @aram |

*/

public void addToggl eLi st ener (Toggl eLi stener 1)

{
listeners.add(l);
}
[ **
*+ Renpbves given listener fromlistener list.
* @aram |

*/
public void renpveToggl eLi stener (Toggl eLi stener 1)

{
listeners.renove(l);
}
[ **
* Fires toggle event.
*/

private void fireEvent ()

for (ToggleListener |: listeners)
| .t oggl eChanged(this);

4 Writing the JComponent

To write a custom Ul component in swing, one has to createss @atending JCom-
ponent which is a base class for both standard and customar@nfs (Eckstein et al.,
1998). In this tutorial, we have shown how to create ToggieSwand ToggleLED

Ul components which share a common model, ToggleModel. ®hef component
class which extends abstract JComponent is to tie togetbdehand the Ul delegate
together. The custom component does this with the help oktactor and setUl()
method respectively. It also implements a listener interf@roggleListener in our
case) which has a stateChanged method (toggleChanged @asey to notify a state
change. The custom component changes in rendering on thpatiethrough the Ul

delegate, in accordance to the change in state notified Citanged method.

public ToggleSwitch ()

{
init (new Toggl eModel ());
}
public Toggl eSwi tch (bool ean i sOn)
{
init (new Toggl eModel (isOn));
}
public Toggl eSwi tch (Toggl eMbdel nodel)
{
init (nmodel);
}



4.1 Thetoggle switch component

Toggle switch component simulates the real world ‘switchving two states ON /
OFF. It changes the state of the LED display, changing its state when user clicks
on the switch, in similar manner as the real world “switchaobes the state of a bulb
/ LED when toggled.

There are three ways to instantiate a toggle switch comgpakkowing a program-
mer to instantiate it with a default ToggleModel (Toggle®h()), with a model with
specified on/off state (ToggleSwitch(boolean isOn))anpexEied instance of Toggle-
Model. All the three forms of constructors call the init(TdgModel m) method.

public ToggleSwitch ()

init (new Toggl eModel ());
}

public Toggl eSwi tch (bool ean i sOn)
{

}

init (new Toggl eModel (isOn));

public Toggl eSwi tch (Toggl evbdel nodel)
{

}

init (nmodel);

The init inititalises the toggle switch component by sejtthe given model, reg-
istering the toggle switch component in the model as a letea listen the toggle
change during user input, initializing the preferred disien, loading all the icons,
setting the keyboard maps and finally setting up the Ul priggdercurrent Ul delegate
by updateUl property.

private void init (Toggl eMbdel nodel)
{
t hi s. rodel = nodel;
nodel . addToggl eLi st ener (t his);
set Keyboar dMaps() ;
| oadl cons();
set Pref erredSi ze(new Di nensi on(onl con. getlconWdth(),
updateU ();

The setkeyboardMaps method TAB as the forward traversahkeyshift + TAB as
the reverse traversal key. It first creates an instance dfi$tats called keystrokes and
keystrokes_back, into which it adds keystrokes for TAB ahidtS TAB respectively.
Then setFocusTraversalKeys method is used to add focusrsed\keys by passing
these traversal key type with the HashSet.

private void set KeyboardMaps() {
Set <AWIKey St r oke> keystrokes = new HashSet <AWIKey St r oke>() ;
keystrokes. add( AWKey St r oke. get AWIKey St r oke(" TAB") ) ;
set FocusTr aver sal Keys( Keyboar dFocusManager . FORWARD TRAVERSAL_KEYS, keystrokes);
Set <AWIKey St r oke> keyst rokes_back = new HashSet <AWIKeySt r oke>() ;
keystrokes_back. add( AWTKey St r oke. get AWrKey St r oke("shift TAB"));
set FocusTr aver sal Keys( Keyboar dFocusManager . BACKWARD TRAVERSAL_KEYS,
keyst rokes_back);



Here is the complete list of ToggleSwitch.java:
package np. org. npp. sanbad. tutorial . mvc;

i mport java.awt. AWKeyStroke;

import java.awt.Di nension;

import java.awt . Keyboar dFocusManager ;
inmport java.util.HashSet;

inmport java.util. Set;

i mport javax.sw ng. | magel con;
i mport javax.sw ng. JConponent;
i mport javax.sw ng. U Manager;

[ xx

* A sinple toggle switch conponent.

* @ut hor Prakash Manandhar

*/
public class Toggl eSwi tch ext ends JConponent
i mpl enents Toggl elLi st ener

{

[ **
* For serialization.
*/
private static final |ong serial VersionU D = 8845972060032351155L;

/1 nodel for this conponent
private Toggl eMbdel nodel;

private | magel con onlcon;
private | magelcon offlcon;

private static final String onlconPath = "res/toggle_on.jpg";
private static final String offlconPath = "res/toggle_off.jpg";

/i*Creates a default toggle switch with a default constructor.
ptli)lic Toggl eSwi tch ()

{ init (new Toggl eModel ());

}

[ **

* Creates a toggle switch with a nodel with given initial state.
* @aramisOn

*/
public Toggl eSwi tch (bool ean i sOn)
{
init (new Toggl eModel (isOn));
}
[ *x

* Creates a ToggleSwitch with given nodel.
* @ar am nodel

*/
public Toggl eSwi tch (Toggl eMbdel nodel)
{
init (nmodel);
}
[ *x



* sets the nobdel of this conmponent and adds it to |istener

* |ist.
* @ar am nodel
*/
private void init (Toggl eMdel nodel)
{
t hi s. nodel = nodel ;
nodel . addToggl eLi st ener (this);
set Keyboar dMaps() ;
| oadl cons();
set Pref erredSi ze(new Di mensi on(onl con. getlconWdth(),
onl con. getlconHeight()));
updateU ();
}
[ **

*+ Resets the U property to the current U delegate for this
* conmponent .

*/
public void updateU ()
{
set U ((np. org. npp. sanbad. tutorial . mvc. Toggl eSwi t chUl') Ul Manager. get Ul (this));
invalidate();
}
[ *x

* @eturn The Ul Defaults key used to | ook up the name of
* the ConponentU class that defines the | ook and feel
* for this conponent.
*/
public String getU dasslD() {
return "np.org. nmpp. sanbad. tutorial.mc. Toggl eSwitch";
}

[ *x
* Returns the nodel of this (Toggl eSwi tch) conponent
* @eturn nodel .

*/
publ i c Toggl eMbdel get Mbdel ()
{
return nodel ;
}
[ *x

* Set TAB as Forward Traversal Key and
* SHI FT + TAB as Backward Traversal Key

*

*/

private voi d set KeyboardMaps() {

Set <AWIKey St r oke> keystrokes = new HashSet <AWIKey St r oke>() ;

keystrokes. add( AWrKey St r oke. get AWTKey St r oke(" TAB") ) ;

set FocusTr aver sal Keys( Keyboar dFocusManager . FORWARD TRAVERSAL_KEYS, keystrokes);

Set <AWIKey St r oke> keyst rokes_back = new HashSet <AWIKey St r oke>();

keyst rokes_back. add( AWTKey St r oke. get AWTKey St r oke("shift TAB"));
set FocusTr aver sal Keys( Keyboar dFocusManager . BACKWARD TRAVERSAL_KEYS, keystrokes_back);
}

[ **
* repaints the conponent
*/
public void toggl eChanged( Toggl eMbdel source) {



repaint ();

}
[ **
* sets onlcon and offlcon to their correspondi ng path
*/
private void | oadlcons ()
{
onl con = new | magel con(onl conPat h) ;
of flcon = new | magel con(of fl conPat h);
}
[ **

* Returns Switch-ON i mage
* @eturn onlcon

*/
| magel con get Onlcon ()
{

return onlcon;
}
[ **

* Return LED OFF inage
* @eturn offlcon
*/

| mgel con getOfflcon ()

{
}

return offlcon;

4.2 TheLED display component

LED display component simulates the real world LED impletir@nToggleListener
as the toggle switch component does. They both implemengl@bistener interface
because both of them displays the same state, i.e. ON / Ofel- stgplementation of
LED display component is very similar to that of toggle slWwittomponent . Here is
the complete list of ToggleLED.java:

package np.org. npp. sanbad. tutorial . mvc;

i mport java.awt. AWKeyStroke;

import java.awt.Di nension;

import java.awt . Keyboar dFocusManager ;
inmport java.util.HashSet;

inmport java.util. Set;

i mport javax.sw ng. | magel con;
i mport javax.sw ng. JConponent;
i mport javax.sw ng. U Manager ;

[ xx
* A sinple toggl e LED di splay conponent.
* @ut hor Prakash Manandhar
*/
public class Toggl eLED ext ends JComponent
i npl enents Toggl eLi st ener

{



[ *x
* For serialization.
*/
private static final |ong serial VersionU D = 8845972060032351155L;

/1 nodel for this conponent
private Toggl eMbdel nodel;

private | magel con onlcon;
private | magelcon offlcon;

private static final String onlconPath = "res/led_on.jpg";
private static final String offlconPath = "res/led_off.jpg";

/:*Creates a default toggle switch with a default constructor.
p;i)l i c Toggl eLED ()

{ init (new Toggl eModel ());

}

[ %

* Creates a toggle switch with a nodel with given initial state.
* @aramisOn

*/
publ i c Toggl eLED (bool ean isOn)
{
init (new Toggl eModel (isOn));
}
[ **

*+ Creates a ToggleSwitch with given nodel.
* @ar am nodel

*/

publ i c Toggl eLED (Toggl eMbdel nodel)

init (nmodel);

}

[ **
* sets the npbdel of this conponent and adds it to |listener.
* @ar am nodel

*/

private void init (Toggl eMddel nodel)

{
thi s. nodel = nodel ;
nmodel . addToggl eLi st ener (t hi s);
set Keyboar dMaps() ;
| oadl cons();
set Pref erredSi ze(new Di nensi on(onl con. getlconWdth(),

onl con. get | conHei gl

updateUl ();

}

[ **

*+ Resets the U property to the current U delegate for this

* conponent .

*/

public void updateU ()

{
set Ul ((np. org. npp. sanbad. tutori al . mvc. Toggl eLEDU ) Ul Manager . get Ul (this));
invalidate();



}
[ **
* @eturn The Ul Defaults key used to | ook up the name of
* the swi ng. pl af . Conponent Ul cl ass that defines the | ook
* and feel for this conponent.
*/
public String getU dasslD() {
return "np.org. npp. sanbad. tutorial.mc. Toggl eLED';
}

[ **

*+ Returns the nodel of this (Toggl eLED) conponent
* @eturn nodel .

*/

publ i c Toggl eMbdel get Mbdel ()

return nodel ;

}

[ **
*+ Set TAB as Forward Traversal Key and
* SH FT + TAB as Backward Traversal Key
*/
private voi d set KeyboardMaps() {
Set <AWIKey St r oke> keystrokes = new HashSet <AWIKey St r oke>() ;
keyst rokes. add( AWrKey St r oke. get AWTKey St r oke(" TAB") ) ;
set FocusTr aver sal Keys( Keyboar dFocusManager . FORWARD TRAVERSAL_KEYS, keystrokes);
Set <AWI'Key St r oke> keyst rokes_back = new HashSet <AWIKeySt r oke>();
keystrokes_back. add( AWTKey St r oke. get AWTKey St r oke("shift TAB"));
set FocusTr aver sal Keys( Keyboar dFocusManager . BACKWARD TRAVERSAL_KEYS, keystrokes_bacl

}
[ **
* repaints the conponent
*/
public void toggl eChanged( Toggl eMbdel source) {
repaint ();
}
[ **
* sets onlcon and offlcon to their correspondi ng path
*/
private void | oadl cons ()
{
onl con = new | magel con(onl conPat h) ;
of flcon = new | magel con(of fl conPat h);
}
[ **

*+ Returns LED-ON i nage
* @eturn onlcon
*/

| magel con get Onlcon ()

{
}

return onlcon;

[ **
* Return LED- OFF inmge
* @eturn offlcon
* [
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I mgel con getOfflcon ()

{
}

return offlcon;

5 Writing the Ul Delegate

A Ul Delegate is a composition of view and controller bundtedether. As to our
example, we have two Ul delegates namely, ToggleLedUI arghl&switchUl. Ul
delegates should have the createUl() method defined thahsethe ComponentUl /
Ul delegate.

Since ToggleLedUI does not entertain any user input diygitthas only the view
part, which is used to render (or show) the component on theescoy calling the
paint() method. However, the ToggleSwitchUl has both thetmdler and the view
parts, because it has to listen to events associated to it.

View layer of both of these components have simply the paingthod that renders
each of them based on the same underlying model called Tofudiel. The method
paint() creates respective component, define the compenantiel, and draws the
component’s image.

Controller layer in ToggleSwitchUI implements mouse ligte and respond to
mouseClick event on the ToggleSwitch component. For thisnelisteners are to
be installed onto the component done by installUl() method.

paint() method for ToggleLedUl delegate:

public void paint (Gaphics g, JConmponent c)
{
Toggl eLED ts = (Toggl eLED)c;
Toggl eModel nodel = ts. get Model ();
Di mension size = ts.getSize();
if (nodel.isOn())
drawi con (g, ts.getOnlcon(), size);
el se
drawi con (g, ts.getOflcon(), size);

installUl() and paint() method for ToggleSwitchUI delegat

[ **
* Configures the specified component and creates
* event |istener on the conponent.
*
* @aram c
*/
public void install U (JConmponent c)
{

}

c. addMouselLi st ener (control l er);

[ *x
* Paints the specified conponent.
*
/

11



public void paint (G aphics g, JConponent c)
{
Toggl eSwitch ts = (ToggleSw tch)c;
Toggl eMbdel npdel = ts. getMdel ();
Di mensi on size = ts.getSize();
if (nodel.isOn())
drawi con (g, ts.getOnlcon(), size);
el se
drawi con (g, ts.getOflcon(), size);

6 Linkingtothe mode

We have already explained that a single model can be usedffleyetit views. But

it doesn’t necessarily mean that the view only needs modeke kve describe how
system’s console output can be linked to the same ToggleMddi¢h respect to the
state of the model, the console output is being generatetagattacts as a model
listener. Just as we have made the console output to be thel fizbeiner of our model,
we can make other application oriented listeners thatligighe same model. For an
example, we can add in a parallel portinterfacing class athanlistener to this model
and instead of displaying output (states) onto the confizdeglass sending the output
through the parallel port.

BitOutputConsole class is the model listener to the Toggtel®d. And a link to
the model is created by the addModel() function where BipDt€onsole (our model
listener) registers itself as a listener to the model. t atsplements the ToggleListener
class and on doing so, it defines the toggleChanged() methazhws called upon by
model whenever the state is changed. The method toggle€trdjsplays the state
of all the models registered in the list of models for the BitQutConsole .

package np.org. npp. sanbad.tutorial.mc.test;

inmport java.util.Arraylist;
inmport java.util.List;

i mport np.org. mpp. sanbad. tutorial . mvc. Toggl eLi st ener;
i mport np.org. npp. sanbad. tutorial . mvc. Toggl eMbdel ;

[ xx
* Denonstration of Model Li stener.
* @uthor Prakash Manandhar
*/
public class BitQutputConsol e i npl enents Toggl eLi stener {

Li st <Toggl eMbdel > nodel s = new ArrayLi st <Toggl eMbdel >();

[ **
*+ Adds Model to the list of nodels for this |listener and
+ adds itself to the listener’s list of the nodel.
* @ar am nodel

*/
public void addMbdel (Toggl eMbdel nodel)
{
nodel s. add (nodel);
nmodel . addToggl eLi st ener (t hi s);
}

12



[ *x
+ Wites the state of all LEDs in console.
+ LED ON State = 1, LED OFF State = 0
* [

public void toggl eChanged( Toggl eMbdel source) {
Systemout.println("");
for (Toggl eModel m nodel s)
Systemout.print(misOn()?1:0);

7 Themain class

The main class in the ToggleComponentTest initializes thddhager by adding Tog-
gleSwitchUI and ToggleLEDUI, which will be used by the custoomponents to set
the Ul delegate. After that a parent container for the customponents, JFrame is
initialized to whose content pane, 8 pairs of toggle switod toggle LED sharing a
separate toggle model is added using flowlayout, layout geemd&ach pair of toggle
switch and toggle LED sharing a toggle model is instantiatét the help of static
method called addToggleSet. The addToggleSet method takegeger to calculate
ON / OFF state of the model, a container to which the togglécéwand toggle LED
component pairs are to be added and bit output console, viisghays the state bit
of the model on the console. It creates a box container, tawthie switch and LED
pair is added, which in turn is added to the container. Fyrtakk main class packs the
added boxes, sets the default close operation and makesthe ¥isible.

public static void main(String[] args) {

i ni t U Manager () ;
JFrame frame = new JFrame("ww. sanbad. org MV/C Cust om Conponent Tutorial");
frame. get Cont ent Pane() . set Backgr ound( Col or. WHI TE) ;
frame. get Cont ent Pane() . set Layout (new Fl owLayout ());
Bi t Qut put Consol e bo = new Bi t Qut put Consol e();
for (int i =0; i < 8; i++)

addToggl eSet (i, frane.getContentPane(), bo);
frame. pack();
frame. set Def aul t Cl oseOper ati on(JFrame. EXI T_ON_CLOSE) ;
frame. setVisible(true);

Here is the complete listing of ToggleComponentTest.java.
package np.org. npp. sanbad.tutorial.nvc.test;

inmport java.util.Arraylist;
import java.util.List;

i mport np.org. mpp. sanbad. tutorial . mvc. Toggl eLi st ener;
i mport np.org. npp. sanbad. tutorial.mc. Toggl eMobdel ;

| *x
* Denopnstration of Mdel Li stener.
* @ut hor Prakash Manandhar
*
/
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public class BitQutputConsol e i npl enents Toggl eLi stener {

Li st <Toggl eMbdel > nodel s = new ArraylLi st <Toggl eModel >();

[ *x

* Adds Model to the list of nodels

* @ar am nodel

*/
public void addMbdel (Toggl eMbdel nodel)
{

nodel s. add (nodel);
nmodel . addToggl eLi st ener (t hi s);

[ *x

* wites the state of all LEDs in console.

* LED ON State = 1, LED OFF State = 0

*/

public void toggl eChanged( Toggl eMbdel source) {
Systemout.println("");

for (Toggl eModel m nodel s)
Systemout.print(misOn()?1:0);

Here is the complete listing of BitOutputConsole.java.

8 Summary

It is easy to write new Java Swing Components from scratchftiow the MVC
architecture by following a few simple steps:

1. Create the model (reuse existing model if possible)
2. Create the JComponent, listen to the model and repaint wioelel changes
3. Create the ComponentUl, paint based on the state of thelmod

4. Create the Controller, listen to mouse and keyboard syehtinge the model
when these events occur.
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